Successful navigation requires interactions among multiple but overlapping neural pathways mediating distinct capabilities, including egocentric (self-oriented, route-based) and allocentric (spatial, mapbased) learning. Route-based navigation has been shown to be impaired following acute exposure to the dopaminergic (DA) drugs (+)-methamphetamine and (+)-amphetamine, but not the serotoninergic (5-HT) drugs (±)-3,4-methylenedioxymethamphetamine or (±)-fenfluramine. The dopaminergic-rich neostriatum is involved in both allocentric and egocentric navigation. This experiment tested whether dorsal striatal DA loss using bilateral 6-hydroxydopamine (6-OHDA) injections impaired one or both types of navigation. Two weeks following 6-OHDA injections, rats began testing in the Cincinnati water maze (CWM) followed by the Morris water maze (MWM) for route-based and spatial navigation, respectively. 6-OHDA treatment significantly increased latency and errors in the CWM and path length, latency, and cumulative distance in the MWM with no difference on cued MWM trials. Neostriatal DA levels were reduced by 80% at 2 and 7 weeks post-treatment. In addition, 6-OHDA increased DA turnover and decreased norepinephrine (NE) levels. 6-OHDA injections did not alter monoamine levels in the prefrontal cortex. The data support that neostriatal DA modulates both types of navigation.
Introduction
Impairments in navigational ability are present in numerous human conditions including Huntington's disease, Alzheimer's disease, schizophrenia, Parkinson's disease, stroke, traumatic brain injury, as well as during normal aging (Aguirre & D'Esposito, 1999; Iaria, Palermo, Committeri, & Barton, 2009; Laczo et al., 2009; Livingstone & Skelton, 2007; Sanders, Holtzer, Lipton, Hall, & Verghese, 2008; Weniger & Irle, 2006) . Successful navigation requires complex interactions among multiple distinct, but parallel cognitive processes that can be subdivided into egocentric (self-oriented) and allocentric (spatial, map-based) wayfinding. In the allocentric process, the navigator's spatial orientation to distal cues in the environment is fluid and represented in a common coordinate map system external to the navigator (Byrne, 1982; Garber, 2000) . Spatial learning is frequently studied in rodents using the Morris water maze (MWM), and acquisition of the place navigation task is dependent on the hippocampus (Kesner, 1990; Morris, 1981; Morris, Garrud, Rawlins, & O'Keefe, 1982; Sutherland, Whishaw, & Kolb, 1983) , although other regions also influence the process. For example, MWM learning is sensitive to damage to cortical regions including frontal, cingulate, and parietal areas (Galani, Obis, Coutureau, Jarrard, & Cassel, 2002; Kesner, Farnsworth, & DiMattia, 1989; Whishaw, Maaswinkel, Gonzalez, & Kolb, 2001) , as well as the neostriatum (Devan, McDonald, & White, 1999; Devan & White, 1999) .
Egocentric wayfinding is subdivided into path integration and route-based navigation. For path integration, the navigator can return to a starting point through vector addition of the route segments taken on an outbound journey using cues of direction, speed, and distance to determine a direct path home without having to retrace steps (Etienne, Maurer, & Seguinot, 1996) . Routebased navigation is a self-oriented representation of space that is connected by ''nodes'' or choice points representing successive navigational decision points (Aguirre & D'Esposito, 1999; Byrne, 1982) . The neostriatum has been implicated in egocentric learning pathways (Cook & Kesner, 1988; Packard, 2009; Potegal, 1971) . Striatal head direction cells are thought to signal context-dependent directional information as opposed to orientating relative to a visual cue (Mizumori, Puryear, & Martig, 2009; Ragozzino, Leutgeb, & Mizumori, 2001; Taube, 1998) . Dorsolateral striatal lesions in rodents impair egocentric adjacent-arm radial arm maze (RAM) performance and right-left discrimination tasks, with no
